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ABSTRACT
We present here the second part of a project that aims at solving the controversy
on the issue of the bar effect on the radial distribution of metals in the gas-phase of
spiral galaxies. In Paper I we presented a compilation of more than 2800 H ii regions
belonging to 51 nearby galaxies for which we derived chemical abundances and ra-
dial abundance profiles from a homogeneous methodology. In this paper we analyse
the derived gas-phase radial abundance profiles of 12+log(O/H) and log(N/O), for
barred and unbarred galaxies separately, and find that the differences in slope be-
tween barred and unbarred galaxies depend on galaxy luminosity. This is due to a
different dependence of the abundance gradients (in dex kpc−1) on luminosity for the
two types of galaxies: In the galaxy sample that we consider the gradients appear to
be considerably shallower for strongly barred galaxies in the whole luminosity range,
while profile slopes for unbarred galaxies become steeper with decreasing luminosity.
Therefore, we only detect differences in slope for the lower luminosity (lower mass)
galaxies (MB & −19.5 or M∗ . 1010.4 M). We discuss the results in terms of the disc
evolution and radial mixing induced by bars and spiral arms. Our results reconcile
previous discrepant findings that were biased by the luminosity (mass) distribution of
the sample galaxies and possibly by the abundance diagnostics employed.
Key words: ISM: abundances – HII regions – galaxies: spiral – galaxies: ISM –
galaxies: abundances – galaxies: structure
1 INTRODUCTION
One of the major challenges in Astrophysics is understand-
ing galaxy evolution and, in particular, the relative impor-
tance of external and internal processes on such evolution
and therefore on the present properties of galaxies. In the
current paradigm, the evolution of galaxies was rapid and
violent at early times, driven by external processes such as
mergers and galaxy interactions. Later on, additional and
slower processes, the so-called secular processes, came into
play and will become dominant in the future (e.g. Kormendy
& Kennicutt 2004).
Galactic bars, or simply bars, are considered key agents
for the internally-driven secular evolution of disc galaxies.
Bars are especially prominent in optical and infrared images
as elongated luminous structures in the central regions of
∼30-70% of disc galaxies (e.g. Nair & Abraham 2010; Mas-
? E-mail: azurita@ugr.es
ters et al. 2011; Mene´ndez-Delmestre et al. 2007), with semi-
major axes of up to ten kiloparsecs (Erwin 2005). The non-
axisymmetric distribution of matter of the bar produces a
gravitational potential that redistributes stars and gas inside
the disc by pushing them inwards (outwards) within (be-
yond) the disc corotation radius (e.g. Sellwood & Wilkinson
1993; Athanassoula et al. 2013). This bar-induced matter
redistribution might secularly drive evolution processes in
galaxies.
Observationally, it has been difficult to find strong ev-
idence for the bar-induced secular evolution of galaxies, in
part due to the difficulty in isolating the effects of a bar
from others that also contribute to matter rearrangement
inside galaxies (e.g. minor mergers or tidal interactions). In
spite of these difficulties there is increasing observational ev-
idence that bars produce the build-up of pseudo-bulges (e.g.
Cheung et al. 2013; Kruk et al. 2018). In addition, in galaxy
centres bars increase the concentration of molecular gas (e.g.
Sakamoto et al. 1999; Sheth et al. 2005; Jogee et al. 2005)
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and enhance the star formation rate (e.g. Ho et al. 1997;
Ellison et al. 2011; Oh et al. 2012; Wang et al. 2012; Florido
et al. 2015; Chown et al. 2019) and, within the discs, pos-
sibly induce the cessation of the star formation (by the so
called bar quenching, e.g. Cheung et al. 2013; Kruk et al.
2018; Newnham et al. 2020).
One important consequence of the bar-induced large-
scale gas flows in disc galaxies (e.g. Sellwood & Wilkinson
1993; Athanassoula 2003) is the mixing of the gas with pre-
sumably different chemical abundances. Therefore, accord-
ing to simulations bars can flatten the observed negative ra-
dial profile of 12+log(O/H) (or metallicity profile) in spirals
(e.g. Pilyugin et al. 2014; Sa´nchez-Menguiano et al. 2016;
Bresolin 2019; Pe´rez-Montero et al. 2016), as inwards gas
flows dilute the higher metal content in the central regions,
while outwards flows can enrich the more metal-poor outer
disc areas.
However, this theoretically predicted impact of bars on
the gas-phase radial metallicity profiles has been difficult to
confirm through observations, and contradicting results can
be easily found in the literature. Pagel et al. (1979) first sug-
gested that the bar could be responsible for the shallow ra-
dial metallicity profile observed in NGC 1365, and this work
inspired many other studies in the 1990s. These tried to in-
vestigate the relationship between gas metallicity gradients
in spirals and macroscopic properties of their host galax-
ies, among them the presence of a stellar bar. Vila-Costas
& Edmunds (1992) and Zaritsky et al. (1994) reported a
trend for barred galaxies to have shallower metallicity gra-
dients than unbarred galaxies from long-slit spectroscopy of
H ii regions in nearby galaxies, but the number of barred
galaxies (∼ 6 - 7) was small in their data samples. The sam-
ples were enlarged to comprise up to ∼ 16 barred galaxies
in the work developed by Martin & Roy (1994) and Dutil &
Roy (1999), who corroborated the flattening effect of bars
on radial metallicity gradients from additional spectropho-
tometry and a compilation of slopes derived by previous au-
thors. These authors also claimed the existence of a relation
between gas-phase metallicity gradients and bar properties,
with stronger bars associated to shallower gradients.
This research topic remained rather inactive until the
advent of the Integral Field Unit (IFU) spectroscopy instru-
ments and their associated surveys, that considerably im-
proved the number statistics and the spatial coverage of
galactic discs. IFU-based works, such as those exploiting
CALIFA data (Walcher et al. 2014), with sub-samples of 66
to 201 galaxies, compared gas-phase metallicity gradients
of barred and unbarred galaxies and found no significant
difference (Sa´nchez et al. 2014; Sa´nchez-Menguiano et al.
2016; Zinchenko et al. 2019; Pe´rez-Montero et al. 2016), con-
tradicting the results from the 1990s. In addition to O/H,
Pe´rez-Montero et al. (2016) also analysed the N/O radial
profile slopes and found no significant difference either. The
VENGA IFU survey (Blanc et al. 2013) has also been used to
investigate this issue with improved spatial resolution with
respect to CALIFA data, but with a much smaller sample of
only eight galaxies, reporting also no difference in O/H ra-
dial profiles between barred and unbarred galaxies (Kaplan
et al. 2016).
The controversy on the effects of bars on chemical abun-
dances is not limited to the metallicity gradients, but also
involves the values in the central regions. The gas-phase cen-
tral metallicity of barred and unbarred galaxies was analysed
by Ellison et al. (2011) and Cacho et al. (2014) from SDSS
spectra, with the former finding larger central (inner few
kpc) oxygen abundances in barred galaxies with respect to
unbarred ones, while the latter found no difference. A sub-
sequent work by Florido et al. (2015), also based on SDSS
spectra, found no difference in central O/H between barred
and unbarred galaxies, but a significant difference in central
nitrogen-to-oxygen abundance ratios, with barred galaxies
showing an enhanced N/O ratio with respect to unbarred
galaxies, notably in the lower mass range (. 1010.4M). The
discrepant results between this study and the works by El-
lison et al. (2011) and Cacho et al. (2014) were explained
by Florido et al. (2015) in terms of sample selection issues
and choice of calibrations of strong-line nebular abundance
methods based on [N ii] emission lines (i.e. Pe´rez-Montero &
Contini 2009).
There are important differences between the previous
(discrepant) works, namely the methodology in the deriva-
tion of the chemical abundances, the number statistics of
the data samples and the spatial resolution of the data. In
fact, these different investigations were based on either a
spaxel-by-spaxel analysis, spatially resolved spectroscopy of
individual H ii regions, or the integrated spectral study of
ensembles of star-forming sites. This heterogeneity, together
with considerations concerning the important role that bars
may play on disc galaxy evolution, motivated us to revisit
the issue of the bar effects on the gas-phase metallicity dis-
tribution in disc galaxies. The work presented here is the
second part of the project, for which we did a major com-
pilation of emission-line fluxes of H ii regions in a sample of
barred and unbarred spirals. In Zurita et al. (2020), here-
inafter referred to as Paper I, we presented the H ii region
and galaxy samples and obtained chemical abundances and
radial O/H and N/O abundance profiles using a homoge-
neous methodology. This paper concentrates on the analysis
of the radial abundance profiles derived for barred and un-
barred galaxies separately, and it is organized as follows.
Sect. 2 summarises the main details of the galaxy and H ii
region samples. In Sect. 3 we analyse the gas-phase radial
abundance profiles comparatively for (strongly and weakly)
barred and unbarred galaxies. The metallicity gradients and
central abundances of barred and unbarred galaxies are also
analysed as a function of luminosity and morphological type.
The dependence of slopes and intercepts of linear regressions
to the log(O/H) and log(N/O) profiles with bar parameters
is explored in Sects. 4 and 5. Sect. 6 contains our discussion
and we present a summary and our concluding remarks in
Sect. 7.
2 DATA AND METHODOLOGY
The data and the methodology employed for the derivation
of the galactic structural parameters, nebular O/H and N/O
abundance ratios, the radial abundance profiles and the cor-
responding linear fits were presented in Paper I. We sum-
marise here the basic information and refer the reader to
this paper for further details.
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2.1 Galaxy sample and bar classes
The galaxy sample was presented in Paper I and comprises
51 nearby spirals (distances< 64 Mpc), with inclination an-
gles i < 70◦, for which emission-line ratios from resolved
spectroscopy of H ii regions and celestial coordinates were
available from previous publications. We imposed the avail-
ability of these data for at least seven H ii regions cover-
ing a wide range in galactocentric distance in order to de-
rive chemical abundance radial profiles reliably. The B-band
absolute magnitude of the galaxies (MB) ranges from −17
to −22. Our final sample comprises 22 strongly barred, 9
weakly barred and 20 unbarred galaxies, i.e. there is virtu-
ally equal representation of strongly barred and unbarred
systems. Also, barred and unbarred galaxies cover a similar
parameter space and have similar distributions in terms of
MB, disc inclination, morphological T-type and disc effective
radius (see fig. 2 in Paper I).
The galaxies were classified into bar classes according to
their deprojected bar ellipticity, (ebar,d, see e.g. Abraham
& Merrifield 2000), as this parameter correlates with the
bar gravitational torque (Dı´az-Garc´ıa et al. 2016). Galaxies
were considered to be strongly barred when ebar,d > 0.5
and weakly barred when 0.3 6 ebar,d < 0.5. If a galaxy has
a detected central oval distortion with deprojected ellipticity
smaller than 0.3, then it is considered as unbarred.
The bar ellipticity (ebar ), together with other bar pa-
rameters (such as bar length and position angle) and disc pa-
rameters – disc scale length (rd), disc effective radius
1 (re),
PA and inclination – were derived from compiled broad-band
images2 of all galaxies in the sample (except for M31 and
the Milky Way). We used the method of fitting ellipses to
the image isophotes. We refer the reader to Paper I for de-
tailed information on the galaxy sample and on the method-
ology adopted for the determination of these parameters, to-
gether with a comparison between our bar classification and
that obtained from the RC3 catalogue (de Vaucouleurs et al.
1991).
2.2 H II region sample and chemical abundances
We performed a compilation of emission-line fluxes
and celestial coordinates for observed H ii regions
of the sample galaxies described in Sect. 2.1. The
compilation comprises 2831 independent measure-
ments and includes fluxes, normalised to those
of the Hβ line, for the brightest emission lines
([O ii] λλ3726,3729, [O iii] λλ4959,5007, [N ii] λλ6548,6583,
Hα, [S ii] λλ6717,6731, [S iii] λλ9069,9532). The auroral-
line fluxes ([S ii] λλ4068,4076, [O iii] λ4363, [N ii]λ5755,
[S iii] λ6312 and [O ii] λλ7320,7330) were also compiled
when available (for 709 out of the 2831). From the compiled
extinction-corrected fluxes we derived 12+ log(O/H) and
log(N/O) from a variety of methods: (a) The Te-based or
direct method was employed for the subsample of regions
with auroral-line fluxes, which allowed us to determine
direct abundances for 610 H ii regions. (b) For the whole
1 For an exponential disc profile, re =1.678 rd , with rd the disc
scale length.
2 Mostly Sloan r-band or Johnson R-band images, except for two
galaxies. See Paper I for further details.
H ii region sample we used a variety of strong-line methods
for the derivation of 12+ log(O/H), such as HII-CHI-mistry
method (hereinafter HCM) (Pe´rez-Montero 2014, here-
inafter PM14), O3N2 as calibrated by Pettini & Pagel
(2004, hereinafter PP04), and later by Marino et al. (2013,
hereinafter M13), N2 with the empirical calibration given by
Pettini & Pagel (2004), N2O2 with the empirical calibration
by Bresolin (2007, hereinafter B07), the R calibration by
Pilyugin & Grebel (2016, hereinafter PG16), and R23,
as calibrated from theoretical model grids by McGaugh
(1991, hereinafter MG91), with the Kobulnicky et al. (1999)
parametrization. The N/O abundance ratio was derived
with HCM, but we also used the empirical calibrations
of N2O2 and N2S2 provided by Pe´rez-Montero & Contini
(PMC09, 2009) and the R calibration (Pilyugin & Grebel
2016).
2.3 Radial abundance profiles
We derived the radial 12+ log(O/H) and log(N/O) profiles
from our recalculated abundances for the H ii regions and
from their deprojected galactocentric distances (utilizing the
location information provided by the different authors to-
gether with our derived disc structural parameters for the
host galaxies). For about 75% of the galaxies the profiles
extend to the isophotal radius r25 or beyond, while in six
galaxies (12% of the sample) the collected data extend out
only to ∼0.6-0.8 times r25. The 12+log(O/H) and log(N/O)
H ii region abundances as a function of galactocentric radius
(R) were presented in Paper I for all galaxies, and were fit-
ted with a least-squares linear regression as parametrized by
12+log(O/H)= bO/H+αO/HR and log(N/O)=bN/O+αN/OR,
respectively. Circumnuclear H ii regions, regions showing
signs of contamination from hard ionization sources or
shock-excitation, and regions located in the central areas of
galaxies hosting an AGN were not used for the fits, together
with H ii regions showing a systematically larger deviation
from the bulk of the data (see sect. 5 in Paper I, for further
details).
The radial abundance profiles for both the strong-line
and direct abundances were then characterised by their cor-
responding y-intercepts and slopes (αN/O and αO/H ), where
the latter were also calculated for radial profiles normalised
to re and r25, in order to facilitate comparisons with results
from other authors. We used the reduced chi-squared, χ2ν ,
statistics in order to judge the significance of radial breaks
in the abundance profiles: when the double linear fit implies
an improvement in χ2ν of at least 10%, separate inner and
outer slopes were also calculated. In what follows, unless
specified, we will always refer to the gradients or slopes cor-
responding to the single linear fits to the radial abundance
profiles.
In Paper I we performed a detailed evaluation of the
strong-line-based methods for abundance determinations in
relation to the Te-based one, both for O/H and N/O abun-
dances for individual H ii regions, and for the abundance gra-
dients derived from both methodologies. As we aim at solv-
ing the controversy emerged from previous works, we anal-
yse here slopes and y-intercepts for all the strong-line abun-
dance determination methods, even though some of them
have been shown to depart from the Te-based scale.
MNRAS 000, 1–?? (2020)
4 A. Zurita et al.
3 INTERCEPTS AND SLOPES FOR
BARRED/UNBARRED GALAXIES
Figs. 1 to 3 show histograms of the y-intercepts and the
slopes of the log(N/O) and 12 + log(O/H) radial abundance
profiles (from strong-line methods) for different normaliza-
tions and abundance strong-line methods, as summarised in
Sect. 2.2.
The central log(N/O) abundances, as traced by the y-
intercepts of the radial fits, bN/O, range from ∼ −1.3 dex for
NGC 1313 and NGC 4395 to ∼ −0.25 dex, considering the
complete sample of galaxies for which the N/O radial profile
could be derived from HCM and the R calibration. These are
the methods that better reproduce the Te-based scale for our
galaxy sample (see Paper I). Table 1 shows the median val-
ues of the central log(N/O) of the different sub-samples, indi-
cated with circles in the histograms in the top-left panels for
HCM and the R calibration in Fig. 1. The central log(N/O)
is marginally larger for strongly barred than for unbarred
galaxies for all the strong-line methods employed for N/O,
but differences are within the error bars. The two-sample
Anderson-Darling (hereinafter AD) test output yields, for
all the methods (although N2O2 and N2S2 are not shown
in the histograms), a P-value above the 5% threshold nor-
mally adopted, implying that the distributions for strongly
barred and unbarred galaxies come from the same parent
distributions. The same result is obtained when comparing
all (strongly and weakly) barred galaxies with the unbarred
ones.
No difference is observed either in the central
12+log(O/H) abundance of strongly barred and unbarred
galaxies, regardless of the strong-line method employed, as
shown in Table 2 and in the top-left panels of Figs. 2 and 3.
In addition, the AD test P-value is in all cases considerably
above 5% implying similar distributions in central values for
strongly barred and unbarred galaxies.
The comparison of the radial N/O and O/H abundance
gradient slopes between strongly barred and unbarred galax-
ies does show clear differences between the two types of
galaxies. This can be seen in Fig. 1 and Table 1 for N/O, and
in Figs. 2 and 3 and Table 2 for all the estimation methods
we used. For both N/O and O/H, strongly barred galax-
ies show a shallower radial gradient (αN/O and αO/H closer
to zero) than unbarred galaxies. This trend is observed for
all normalisations of the slope, with AD P-values between
strongly barred and unbarred galaxies well below 5%, in fact
below 1% in most cases, except for N/O as derived from the
R calibration.
Slopes normalised to the isophotal radius r25 show gen-
erally a larger dispersion, and the distributions of slopes
in dex r−125 for strongly barred and unbarred galaxies yield
slightly larger AD P-values. These P-values still indicate sta-
tistically significant differences between strongly barred and
unbarred galaxies, except in the case of the O/H abundance
gradients obtained with O3N2 as calibrated by M13 (not
shown in the figures).
We have also done the exercise of comparing the distri-
butions of radial abundance slopes for the sample of barred
galaxies, including those that are either weakly or strongly
barred, with the sample of unbarred galaxies. The trend
for barred galaxies to show shallower slopes than unbarred
galaxies is maintained when we include weakly barred galax-
ies. However, the differences in median values are consider-
ably reduced, and remain within the errors. The AD test
also yields larger P-values but still below 5% in most cases
when the slopes are expressed in dex kpc−1 or dex r−1e . The
result is reasonable. On the one hand, the sub-sample of
weakly barred galaxies is smaller (∼ 1/3 of the strongly
barred galaxies) and, on the other hand, the dispersion of
their slopes is considerably larger than for the unbarred or
strongly barred galaxies alone. Therefore the inclusion of
weakly barred galaxies in the comparison smooths out the
differences.
In summary, strongly barred galaxies seem to have shal-
lower radial abundance gradients than unbarred galaxies
for both log(N/O) and 12+log(O/H). The differences are
more evident when slopes are expressed in dex kpc−1 or
dex r−1e , as the dispersion is considerably larger for slopes
expressed in dex r−125 . No difference is observed in the cen-
tral 12+log(O/H) and log(N/O) values, as given by the y-
intercepts.
In the following sections we will analyse the dependence
of abundance slopes and y-intercepts of the abundance radial
profile fits on other parent galaxy properties.
3.1 Intercepts and slopes vs. MB and T
The possible connection between radial abundance gradi-
ents in spirals and their galaxy mass is of great relevance
for evolutionary processes. The gradient was found to de-
pend on galaxy mass (or luminosity) (e.g. Tremonti et al.
2004; Ho et al. 2015; Bresolin 2019) and morphological type
(e.g. Vila-Costas & Edmunds 1992; Oey & Kennicutt 1993),
with more massive and luminous galaxies (or earlier types)
showing a shallower abundance gradient when expressed in
dex kpc−1. Recent observational IFU-based data on large
data samples yield however contradictory results: Belfiore
et al. (2017) find that low-mass galaxies have shallower ra-
dial oxygen abundance gradients than massive ones, while
Sa´nchez-Menguiano et al. (2016) do not detect that trend.
Pilyugin et al. (2014) do not find a correlation between N/O
and O/H radial gradients in dex kpc−1 and morphological
types, for a galaxy sample of 130 nearby spirals with data
based on published spectra from different authors and in-
strumentation.
The distributions of absolute magnitudes (MB, as a
proxy for stellar mass) and morphological types (T-type) for
our galaxies are similar for our sub-samples of barred and
unbarred galaxies (see fig. 2 in Paper I), and therefore the
differences in gradient slopes that we observed earlier can
not be due on first order to biases in these parameters. It is
worth checking now whether abundance gradients in barred
and unbarred galaxies show the same trends with MB and
T-type.
3.1.1 Intercepts and slopes vs. MB
MB has been used in the past as a proxy for stellar mass
when the latter is not available. It is important however, to
bear in mind that MB is not a reliable indicator of stellar
mass, as it can be affected by dust extinction and current
star formation. The left-hand panels in Fig. 4 show the rela-
tionship between the central O/H abundances (y-intercept)
MNRAS 000, 1–?? (2020)
Bar effect on abundance gradients. II. Luminosity-dependent flattening 5
Figure 1. Histograms showing y-intercepts (top-left) and slopes of the linear fits to the radial log(N/O) abundance profiles expressed
in dex kpc−1 (top-right), in units of r25 (bottom-left) and in units of the disc effective radius (bottom-right), for strongly barred (dotted
orange), weakly barred (dashed green) and unbarred (blue) galaxies separately, for abundances obtained from HCM (left) and the R
calibration (right). The number of galaxies in each sub-sample and the P-value for the two-sample Anderson-Darling test (AD in %) for
the distribution of strongly barred and unbarred galaxies are also shown. The dashed black line shows the histogram for all galaxies in
the sample. The circles in the upper side of the panels indicate the median value for each distribution and the horizontal error bar covers
the 95% confidence interval for the corresponding median value.
Figure 2. Same as Fig. 1 but for 12+log(O/H) as obtained from HCM (left) and the R calibration (right).
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Figure 3. Histograms showing central 12+log(O/H) abundances and radial abundance gradients with different normalizations for some
of the strong-line methods used in this work. From top to bottom and from left to right: N2 (PP04), O3N2 (PP04), N2O2 (B07), R23
(MG91). Colours, symbols and information in plots as in Figs. 1 and 2.
and MB, and the right-hand ones show the log(O/H) gra-
dient slope in dex kpc−1 as a function of MB, for the dif-
ferent strong-line oxygen abundance diagnostics. Unbarred,
weakly and strongly barred galaxies are shown with different
colours and symbols. A first look at the central abundances
shows a general, and expected, trend for 12+log (O/H) to in-
crease in more luminous galaxies, but the strength and the
slope of this relation is highly dependent on the metallic-
ity diagnostic employed, with abundances obtained with N2
and O3N2 (as calibrated by M13) showing little dependence
with MB, while the luminosity - metallicity relation is more
evident with the O3N2 diagnostic (as calibrated by PP04).
No clear difference is observed between strongly barred and
unbarred galaxies.
MNRAS 000, 1–?? (2020)
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Table 1. Median value (and corresponding error) of the N/O central abundance ratio (y-intercept from the radial profile fitting) and
slope of the radial abundance gradient in different radial units for (strongly and weakly) barred and unbarred galaxies separately and
for all the galaxies of the sample. N indicates the number of galaxies in each subsample. We include the results obtained using all the
different strong-line techniques adopted for N/O.
log(N/O) αN/O αN/O αN/O N
at R=0 (dex kpc−1) (dex r−125 ) (dex r
−1
e )
HCM - Pe´rez-Montero (2014)
strongly barred −0.62 ± 0.08 −0.021 ± 0.009 −0.3 ± 0.2 −0.11 ± 0.06 20
weakly barred −0.7 ± 0.2 −0.03 ± 0.02 −0.4 ± 0.2 −0.1 ± 0.1 8
strong + weakly barred −0.65 ± 0.08 −0.022 ± 0.007 −0.3 ± 0.1 −0.11 ± 0.04 28
unbarred −0.7 ± 0.1 −0.04 ± 0.01 −0.40 ± 0.04 −0.18 ± 0.02 17
all −0.65 ± 0.07 −0.028 ± 0.005 −0.40 ± 0.07 −0.16 ± 0.03 45
R calibration - Pilyugin & Grebel (2016)
strongly barred −0.6 ± 0.1 −0.032 ± 0.009 −0.4 ± 0.2 −0.14 ± 0.02 17
weakly barred −0.7 ± 0.1 −0.03 ± 0.01 −0.6 ± 0.2 −0.3 ± 0.1 8
strong + weakly barred −0.67 ± 0.09 −0.030 ± 0.007 −0.4 ± 0.1 −0.14 ± 0.05 25
unbarred −0.7 ± 0.1 −0.04 ± 0.01 −0.43 ± 0.09 −0.18 ± 0.03 17
all −0.69 ± 0.08 −0.036 ± 0.006 −0.43 ± 0.08 −0.15 ± 0.04 42
N2O2 - Pe´rez-Montero & Contini (2009)
strongly barred −0.2 ± 0.1 −0.04 ± 0.01 −0.6 ± 0.2 −0.18 ± 0.06 18
weakly barred −0.3 ± 0.1 −0.044 ± 0.009 −0.7 ± 0.2 −0.4 ± 0.2 8
strong + weakly barred −0.3 ± 0.1 −0.04 ± 0.01 −0.4 ± 0.1 −0.20 ± 0.07 26
unbarred −0.4 ± 0.2 −0.07 ± 0.03 −0.71 ± 0.09 −0.28 ± 0.04 17
all −0.3 ± 0.1 −0.05 ± 0.01 −0.64 ± 0.09 −0.25 ± 0.05 43
N2S2 - Pe´rez-Montero & Contini (2009)
strongly barred −0.5 ± 0.1 −0.02 ± 0.01 −0.3 ± 0.2 −0.09 ± 0.05 20
weakly barred −0.4 ± 0.2 −0.03 ± 0.02 −0.4 ± 0.2 −0.2 ± 0.1 8
strong + weakly barred −0.5 ± 0.1 −0.03 ± 0.01 −0.4 ± 0.1 −0.10 ± 0.05 28
unbarred −0.56 ± 0.07 −0.03 ± 0.02 −0.40 ± 0.09 −0.17 ± 0.04 17
all −0.52 ± 0.06 −0.026 ± 0.006 −0.38 ± 0.09 −0.14 ± 0.04 45
The metallicity gradient - MB relation does show a
clearly different behaviour for strongly barred and unbarred
galaxies: strongly barred galaxies show a rather shallow oxy-
gen abundance gradient across the whole luminosity range
and for all the strong line diagnostics. However, the metallic-
ity gradient in unbarred galaxies steepens as the luminosity
decreases (for slopes in dex kpc−1). This trend is seen in the
gradients obtained using each diagnostic, but it is clearer
with N2O2 and N2. The same plots show that luminous
(MB . −19.5) galaxies show shallow gradients, regardless of
whether they have a bar or not. We are aware that the num-
ber of low luminosity barred galaxies in our sample is low.
In fact there is only one barred galaxy with MB & −18.5,
NGC 4395. We analysed the gradient of this galaxy care-
fully in Paper I, and showed that the metallicity gradient
is shallow with all strong-line methods, yielding an average
value of αO/H = −0.005 ± 0.007 dex kpc−1, that is consider-
ably distant from the range of values covered by unbarred
galaxies of similar MB, that goes from ∼ − 0.06 to −0.10
dex kpc−1 (ignoring methods based on the O3N2 indicator,
in which the range of observed slopes is much smaller). Al-
though it would be highly desirable to enlarge the number
statistics at low luminosity to confirm this, our results point
to a rather constant metallicity slope for barred galaxies
across the whole luminosity range.
The relation between the abundance gradient and MB
for unbarred galaxies is stronger for log(N/O). This can be
seen in Fig. 5 (top-right) for HCM and in the right-hand
panels in Fig. 6 for the R calibration, N2O2 and N2S2, for
the slopes in dex kpc−1. A linear fit to the unbarred galaxies
data points for HCM yields a correlation coefficient r=−0.93
for the following relation:
αN/O (dex kpc−1) = −(0.41± 0.04) − (0.018± 0.002) ×MB (1)
The linear fit to the same relation as derived from the R cal-
ibration also yields a high correlation coefficient, r=−0.82,
with a slope and y-intercept of −(0.35 ± 0.06) and −(0.015 ±
0.003), respectively, in good agreement, within errors, with
the values derived for HCM. For N2O2 and N2S2 αN/O
is also strongly correlated with MB for unbarred galaxies
(r=−0.82 and −0.91, respectively), but with a steeper slope
(∼ −0.025) and a lower y-intercept, possibly because these
calibrations do not match the Te-based scale as closely as
HCM and the R calibration for our H ii region sample (Pa-
per I).
However, strongly barred galaxies have a shallow abun-
dance profile gradient in the whole luminosity range, with
an average value of −0.021 ± 0.009 dex kpc−1 with HCM,
and −0.032 ± 0.009 dex kpc−1 from the R calibration. The
rather uniform (and shallow) slope values for strongly barred
galaxies and the observed tendency for unbarred spirals to
have shallower gradients as their total luminosity increases
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Table 2. Median value (and corresponding error) for the 12+log(O/H) central abundance (y-intercept) and slope of the radial oxygen
abundance gradient in different units for (strongly and weakly) barred and unbarred galaxies separately and for all the galaxies of
the sample. N indicates the number of galaxies in each subsample. We include the results obtained using all the different strong-line
techniques and calibrations we adopted.
12 + log(O/H) αO/H αO/H αO/H N
at R=0 (dex kpc−1) (dex r−125 ) (dex r
−1
e )
HCM - Pe´rez-Montero (2014)
strongly barred 8.68 ± 0.06 −0.006 ± 0.004 −0.06 ± 0.07 −0.03 ± 0.02 22
weakly barred 8.7 ± 0.2 −0.03 ± 0.01 −0.2 ± 0.4 −0.1 ± 0.1 9
strong + weakly barred 8.70 ± 0.06 −0.007 ± 0.007 −0.1 ± 0.1 −0.04 ± 0.04 31
unbarred 8.68 ± 0.06 −0.016 ± 0.008 −0.2 ± 0.1 −0.08 ± 0.06 20
all 8.69 ± 0.04 −0.011 ± 0.006 −0.14 ± 0.08 −0.05 ± 0.04 51
N2 - Pettini & Pagel (2004)
strongly barred 8.67 ± 0.04 −0.004 ± 0.003 −0.07 ± 0.04 −0.03 ± 0.01 19
weakly barred 8.64 ± 0.04 −0.014 ± 0.007 −0.23 ± 0.08 −0.09 ± 0.05 8
strong + weakly barred 8.66 ± 0.03 −0.006 ± 0.004 −0.09 ± 0.06 −0.03 ± 0.01 27
unbarred 8.64 ± 0.05 −0.020 ± 0.009 −0.26 ± 0.07 −0.09 ± 0.02 17
all 8.66 ± 0.03 −0.011 ± 0.004 −0.15 ± 0.05 −0.06 ± 0.02 44
O3N2 - Pettini & Pagel (2004)
strongly barred 8.85 ± 0.05 −0.022 ± 0.005 −0.3 ± 0.1 −0.09 ± 0.04 19
weakly barred 8.7 ± 0.1 −0.029 ± 0.007 −0.4 ± 0.2 −0.2 ± 0.1 8
strong + weakly barred 8.79 ± 0.07 −0.023 ± 0.005 −0.32 ± 0.08 −0.10 ± 0.03 27
unbarred 8.8 ± 0.1 −0.037 ± 0.008 −0.42 ± 0.08 −0.20 ± 0.04 17
all 8.79 ± 0.06 −0.026 ± 0.005 −0.34 ± 0.06 −0.15 ± 0.03 44
O3N2 - Marino et al. (2013)
strongly barred 8.61 ± 0.04 −0.014 ± 0.004 −0.18 ± 0.07 −0.06 ± 0.02 19
weakly barred 8.5 ± 0.1 −0.021 ± 0.006 −0.2 ± 0.1 −0.14 ± 0.08 8
strong + weakly barred 8.59 ± 0.05 −0.014 ± 0.004 −0.19 ± 0.05 −0.08 ± 0.02 27
unbarred 8.56 ± 0.07 −0.025 ± 0.005 −0.26 ± 0.06 −0.13 ± 0.03 17
all 8.60 ± 0.04 −0.017 ± 0.003 −0.22 ± 0.04 −0.09 ± 0.02 44
N2O2 - Bresolin (2007)
strongly barred 8.71 ± 0.07 −0.021 ± 0.007 −0.3 ± 0.1 −0.11 ± 0.03 18
weakly barred 8.65 ± 0.08 −0.027 ± 0.007 −0.4 ± 0.1 −0.2 ± 0.1 8
strong + weakly barred 8.67 ± 0.06 −0.024 ± 0.005 −0.34 ± 0.09 −0.12 ± 0.03 26
unbarred 8.6 ± 0.1 −0.04 ± 0.01 −0.41 ± 0.07 −0.17 ± 0.03 17
all 8.64 ± 0.06 −0.030 ± 0.006 −0.38 ± 0.05 −0.14 ± 0.03 43
R23 - McGaugh (1991); Kobulnicky et al. (1999)
strongly barred 9.0 ± 0.1 −0.013 ± 0.006 −0.2 ± 0.1 −0.09 ± 0.04 19
weakly barred 9.0 ± 0.1 −0.030 ± 0.008 −0.4 ± 0.2 −0.2 ± 0.1 9
strong + weakly barre d 8.98 ± 0.08 −0.019 ± 0.006 −0.25 ± 0.09 −0.11 ± 0.04 28
unbarred 8.97 ± 0.09 −0.035 ± 0.009 −0.37 ± 0.06 −0.16 ± 0.03 20
all 8.97 ± 0.06 −0.022 ± 0.006 −0.32 ± 0.05 −0.14 ± 0.03 48
R calibration - Pilyugin & Grebel (2016)
strongly barred 8.66 ± 0.04 −0.010 ± 0.006 −0.11 ± 0.05 −0.04 ± 0.02 17
weakly barred 8.67 ± 0.06 −0.026 ± 0.009 −0.3 ± 0.1 −0.15 ± 0.07 8
strong + weakly barred 8.66 ± 0.03 −0.013 ± 0.006 −0.20 ± 0.08 −0.07 ± 0.03 25
unbarred 8.61 ± 0.07 −0.025 ± 0.009 −0.29 ± 0.07 −0.14 ± 0.03 17
all 8.65 ± 0.04 −0.020 ± 0.005 −0.24 ± 0.06 −0.09 ± 0.03 42
imply that bright (MB . −19.5) barred and unbarred galax-
ies are indistinguishable in terms of their slopes, the two sets
of galaxies presenting rather flat O/H and N/O abundance
profiles.
The normalisation of αN/O by either r25 or re (bottom
panels in Fig. 5) leads to a rather constant value for un-
barred galaxies, αN/O = −0.18 dex r−1e , with both with HCM
and the R calibration, while barred galaxies show a larger
spread of values (scatter ∼0.11-0.13 dex r−1e , c.f. ∼0.05-
0.08 dex r−1e for unbarred galaxies). This result supports the
idea of a common abundance gradient (Sa´nchez et al. 2014;
Bresolin & Kennicutt 2015) when the slopes are expressed
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in dex r−1e , that our plot suggests is better defined (because
of the smaller scatter) by the unbarred galaxies. The same
constancy in slopes, when normalised to r−1e , is observed for
12 + log (O/H) with all the strong-line methods employed
here, with a larger spread of values for barred galaxies.
The relationship between the central N/O abundances
(y-intercept) and MB is shown in the top-left panel in Fig. 5
for HCM, and in the left-hand panels in Fig. 6 for the rest of
the methods. In spite of the large scatter, there is a general
trend for log (N/O) to increase in more luminous galaxies.
There is no clear difference between strongly barred and
unbarred galaxies. However, if we ignore Magellanic-type
barred galaxies (marked with grey edge symbols and show-
ing the lowest log(N/O) values), there seems to be a trend
for lower luminosity barred galaxies to have larger central
log(N/O).
3.1.2 Intercepts and slopes vs. morphological T-type
Figs. 7 shows the central oxygen abundance (left-hand pan-
els) and the slope αO/H (right-hand panels) as a function
of the morphological T-type. The dispersion in the plots is
high, but the diagrams show: (a) a tendency for galaxies of
earlier T-types to have higher central oxygen abundances,
(b) earlier type galaxies have, on average, shallower abun-
dance gradients, and (c) for later T-types there is a consid-
erable spread in gradient values (in dex kpc−1). No differ-
ence between barred and unbarred galaxies is seen in central
log(O/H), as we already found in the histograms (Fig. 2 and
3). When inspecting more carefully the right panel of Fig. 7
we can see that the trend for later type galaxies to have
steeper gradients is driven by unbarred (and weakly barred)
galaxies. In other words, in our galaxy sample shallow gradi-
ents can be found for all T-types, but the steepest gradients
are seen only in late-type unbarred (or weakly barred) galax-
ies.
The central abundance and the slope for the log(N/O)
radial abundance profile (Fig. 8, for HCM) show a similar
trend with T-type to the one observed for log(O/H), with
later types showing on average lower central N/O abun-
dances and a larger spread on αN/O values (in dex kpc−1).
No clear difference is seen between strongly barred and un-
barred galaxies in terms of their dependence on T, apart
from a similar behaviour as observed for αO/H : the larger
spread towards later types seems to be caused by unbarred
and weakly barred galaxies.
The αN/O and αO/H slopes, normalised to r25 or re,
show the same trend for a common value with T-types for
unbarred galaxies, with a larger spread for barred galaxies,
as we already mentioned in the previous section.
4 DEPENDENCE WITH BAR PARAMETERS
Bar-induced gas flows are a strong function of the bar
strength, a parameter that quantifies the gravitational ef-
fect of the stellar bar on the surrounding disc. Stronger bars
are predicted to supply gas towards the galaxy centres at a
higher rate (e.g. Athanassoula 1992; Regan & Teuben 2004;
Kim & Stone 2012). The bar ellipticity is a proxy for the bar
strength (e.g. Abraham & Merrifield 2000; Eskridge 2004;
Dı´az-Garc´ıa et al. 2016). We explore here the relation be-
tween intercepts and slopes of the radial abundance profiles
with the bar parameters.
Fig. 9 shows the central abundances and slopes (in
dex kpc−1) for 12 + log (O/H), in the top panels, and
log(N/O), bottom panels, as a function of the deprojected
bar ellipticity (left) and the bar radius normalised to the
disc effective radius of the galaxy (right). The abundances
shown in the figure have been estimated with the HCM
method, but the conclusions stated below can also be drawn
for the remaining diagnostics. We do not observe any clear
trend between these parameters, apart maybe for a ten-
dency for a larger dispersion in slope for the galaxies with
shorter (rbar,d/re . 0.6) and less elliptical (or weaker) bars
(ebar,d . 0.5) for log(N/O).
Galaxies with long bars (rbar,d/re & 0.6) exhibit rather
constant central log(N/O) and 12+log(O/H) values, whereas
galaxies with shorter bars show a wider range of central
abundances. This is not seen in the central abundances vs.
bar ellipticity plots, in part due to the lower central abun-
dance values (especially in N/O) for the later-type galax-
ies of the sample (NGC 925, NGC 1313, NGC 4395 and
NGC 4625), indicated with grey edge symbols. The lack of
a relation between central abundances and bar strength (or
ellipticity) is in agreement with previous studies (see e.g.
Florido et al. (2015); Ellison et al. (2011); Chapelon et al.
(1999); Conside`re et al. (2000); Cacho et al. (2014) for O/H,
and Florido et al. (2015), for N/O). However, our results
disagree with the findings of Martin & Roy (1994) and the
predictions by Friedli & Benz (1995) for the existence of
a correlation between the log (O/H) radial gradient slope
(in dex kpc−1) and the bar axis ratios (implying shallower
gradients in galaxies with the stronger bars).
It is worth pointing out that the lack of a relation-
ship between the bar properties and the abundance gradient
(and/or central abundances) means that the current length
or strength of the bar is not related to current properties of
the radial abundance distribution. However, it does not rule
out the bar as a relevant agent or contributor to re-shape
radial abundance gradients, since both the gradients and the
bar parameters evolve with time.
In summary, if the radial abundance profile flattening
observed is due to the mixing produced by the bars, it seems
that any bar, provided that it has considerable ellipticity
(ebar,d & 0.5) or length (rbar,d/re & 0.6), is able to flatten
the abundance profile, with no dependence of the observed
gradient on the current bar properties.
5 FURTHER EFFECTS ON PROFILE FITS
Before starting with the discussion of the results presented
in previous sections, we want to comment on two effects
that could affect the radial abundance profiles of galaxies
and therefore could have an influence on the derived con-
clusions. These are the presence of radial abundance profile
breaks in the galaxies and the potentially different chemical
abundance properties of H ii regions located within galactic
bars.
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Figure 4. Central oxygen abundance (y-intercept from radial fits, left) and slope of the oxygen abundance radial gradient in dex kpc−1
(right) for different strong line 12+log(O/H) diagnostics. Unbarred galaxies are shown with blue circles, weakly barred galaxies with
green triangles and strongly barred galaxies with orange squares. The small data points in the panel for N2O2 correspond to the inner
slopes and y-intercepts for galaxies in which a double linear fit is performed to the radial abundance profile (see Sect. 5.1).
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Figure 5. Central N/O abundance (y-intercept from radial profile fits, top-left) and slope of the fit to the log(N/O) radial abundance
profile, as derived from HCM, as a function of the B-band absolute magnitude of the galaxies, for slopes in dex kpc−1 (top-right), dex r−125
(bottom-left) and dex r−1e (bottom-right). The grey straight dashed line shows the linear fit to the slope in dex kpc−1 as a function of MB
for unbarred galaxies alone. See Section 3.1 for details. Symbols as in Fig. 4.
Figure 6. Central N/O abundance (y-intercept from radial profile fits, left) and slope of the fit to the log(N/O) radial abundance profile
(right) as a function of the B-band absolute magnitude of the galaxies for N/O abundances derived from the R calibration, N2O2 and
N2S2 as indicated in the plots. The grey straight dashed line shows the linear fit to the slope in dex kpc−1 as a function of MB for
unbarred galaxies alone. Symbols as in Fig. 4.
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Figure 7. Central oxygen abundance (y-intercept from radial fits, left), and slope of the oxygen abundance radial gradient in dex kpc−1
(right) for different strong line 12+log(O/H) diagnostics as a function of the morphological T-type. Symbols as in Fig. 4.
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Figure 8. Central N/O abundance (y-intercept from radial fits, left), and gradient slope of the log(N/O) radial profile as derived from
HCM (with different normalizations) as a function of the morphological T-type. Symbols as in Fig. 4.
5.1 Radial gas abundance profile breaks
Some of the sample galaxies show a change in the slope
of their radial log(N/O) and/or 12 + log(O/H) profiles (as
determined from at least one of the abundance diagnostics
we adopted) that occurs at an average galactocentric radius
of (0.9 ± 0.3)×r25. Our criterion for the detection of such
breaks was based on an improvement in the χ2ν parameter
in the double linear fit with respect to the single linear fit
to the radial profile (see Sect. 2.3 of this paper and sect. 5
of Paper I for further details).
A detailed analysis of the radial abundance profile
breaks is beyond the scope of this paper, and in any case,
further data will be needed in order to properly map the
outer discs of the galaxies. However, we do find important
to ensure that the change in slope, that usually implies a
steepening in the inner disc profile and a flattening in the
outer disc, does not affect the results presented in the pre-
vious sections. The number of galaxies with breaks is only
∼20% of the whole sample, roughly equally distributed be-
tween unbarred, weakly and strongly barred galaxies, with 4,
3 and 3 galaxies, respectively. In any case, in Fig. 5 we have
plotted, with small symbols, the y-intercepts and the slopes
of the log(N/O) radial profiles corresponding to the inner
disc in the bi-linear fit. The values obtained from the bi-
linear fits and the corresponding ones from the single linear
fits are connected with segments. As we can see the distribu-
tions do not change considerably. The linear fit to the αN/O
- MB relation remains the same within errors, with a slightly
worse correlation coefficient (r=−0.84) for N/O abundances
derived from HCM, and a slightly better coefficient for the
relation derived from the R calibration (r=−0.86). We have
done the same exercise for the oxygen abundances deter-
mined with N2O2, as it is one of the strong-line methods for
which the break in the metallicity profile is more clearly vis-
ible. The slopes and central abundances for the linear fit of
the inner galaxy region is shown in the corresponding panel
in Fig. 4 with small symbols. The same trend as for the
single linear fit holds. Therefore, we conclude that the pres-
ence of radial breaks in the radial abundance profiles of the
galaxies in our sample does not affect the results presented
in the previous sections.
5.2 Inclusion/exclusion of H II regions located
within bars
Some of the H ii regions whose fluxes have been compiled
in this study are located within the bars of the host barred
galaxies. If the H ii regions located within bars had different
chemical properties than those located in the galactic discs,
this could produce differences in radial gradients between
barred and unbarred galaxies.
We have therefore repeated the same analysis as in the
previous sections, but now considering the least-squares lin-
ear regression parameters derived when excluding from the
fits all H ii regions located within bars. These regions are
marked with a dark grey edge symbol in the plots of ap-
pendix E in Paper I. The histograms of y-intercepts and
slopes (Figs. 1, 2 and 3) and corresponding AD-test re-
sults do not change, except for αN/O for the R calibration,
yielding AD values below 5% for slopes in dex kpc−1 and
dex re
−1. The median values presented in Tables 1 and 2
also remain unaffected (within the errors). The uncertain-
ties of the slopes and y-intercepts do increase in some cases,
due to a smaller number of data points available for the
fits. In particular, for two barred galaxies (NGC 1097 and
NGC 5248) there are not enough regions outside their bars
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Figure 9. Top: Central (y-intercept) and slope for the 12+log (O/H) radial abundance profile (from HCM) as a function of the deprojected
bar ellipticity (left panels) and bar radius normalised to re (right panels). Bottom: Same as in the four top panels but for log(N/O). The
later-type galaxies of the sample (NGC 925, NGC 1313, NGC 4395 and NGC 4625) are indicated with grey edge symbols.
to obtain a reliable fit. The relations between slopes and y-
intercepts with morphological type, absolute magnitude and
bar parameters (Figs. 4 to 9) do not change either.
The fact that the inclusion/exclusion of H ii regions lo-
cated within bars does not affect the results implies that
if the observed flattening is produced by the bar, its effect
might be a large scale phenomenon that homogenises the
gas chemical composition in the whole galactic disc, and is
not limited to the bar area.
6 DISCUSSION
Our analysis of the radial profiles of log(N/O) and
12 + log(O/H) abundances in nearby spirals points to a
luminosity-dependent difference between barred and un-
barred galaxies. High luminosity (MB . −19.5) strongly
barred and unbarred galaxies show similar abundance profile
gradients. However, in the lower luminosity range the differ-
ence in abundance gradients between barred and unbarred
galaxies increases with decreasing galaxy luminosity. The
reason for this is a different dependence of the slopes with
luminosity for the two galaxy types: high luminosity strongly
barred galaxies show rather shallow 12 + log(O/H) (with
any diagnostic) and log(N/O) radial abundance profiles (in
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dex kpc−1) and this trend seems to hold for the whole lumi-
nosity range (−17 & MB & −22), in spite of the much lower
number statistics at low luminosity (MB & −19.5). However,
for unbarred galaxies the log(N/O) and 12+ log(O/H) radial
abundance profiles become steeper with decreasing luminos-
ity (or mass).
We do not detect differences in central 12+ log(O/H) or
log(N/O) abundances between barred and unbarred galax-
ies, as determined from the y-intercept of the linear fits, nor
a dependence of central abundances or slopes with current
properties of the bars.
We start the discussion below by comparing our results
with those obtained by previous authors. We then continue
with a review of observational work and numerical models
concerning the effect of stellar bars on the gas-phase of spi-
rals and propose the possible scenarios that could explain
our results. Next we review the current expectations for the
abundance gradients from chemical evolution models and
explore the influence of radial gas flows induced by bars and
spirals.
6.1 Comparison with previous work
Since Pagel et al. (1979) first suggested that barred spirals
have flatter metallicity gradients than unbarred galaxies,
many authors have tried to observationally confirm such
a feature in the radial 12 + log(O/H) profile. Substantial
work in this respect was done in the 1990’s, with data sam-
ples of typically a few to up to ∼ 40 galaxies. The work by
Vila-Costas & Edmunds (1992) was pioneering at studying
H ii region properties in relation to global galaxy properties.
These authors used a calibration of the R23 parameter to
obtain most of their metallicities, and found steep gradients
for unbarred later-type galaxies, while all their barred galax-
ies (just five) had shallow gradients. Similar results were ob-
tained by Zaritsky et al. (1994). They also used R23, with an
average of three different calibrations (but see Bresolin 2011,
for some concerns on this calibration) and reported a ‘strong
indication that barred galaxies do have flatter gradients than
unbarred galaxies’ from a galaxy sample size alike the one
in Vila-Costas & Edmunds (1992), with 39 galaxies, includ-
ing 6 barred spirals. However, Zaritsky et al. (1994) reported
that ‘a few unbarred galaxies also have gradients significantly
shallower than the average’. This is in very good agreement
with our findings. The galaxies included in Vila-Costas &
Edmunds (1992) and Zaritsky et al. (1994) are all nearby
spirals covering a range in luminosity from MB ∼ −17.5 to
∼ −21.5, comparable to ours. In fact, many of the galaxies
in their samples are also included in our re-analysis. The
similar luminosity range might be the reason for such an
agreement.
Further work in the 1990’s was done by Martin & Roy
(1992), Martin & Roy (1994), Martin & Roy (1995), Roy &
Walsh (1997) for individual galaxies or small galaxy sam-
ples. Dutil & Roy (1999) analysed a sample containing 16
(intermediate or strongly) barred galaxies. They combined
H ii spectrophotometry and multi-slit data of spirals, with
metallicity gradients obtained by their team or compiled
from previous authors (and therefore obtained with different
empirical calibrations). The metallicities for their observa-
tions were obtained from the [O iii]/Hβ and [N ii]/[O iii] cal-
ibrations of Edmunds & Pagel (1984). Dutil & Roy (1999)
concluded that barred galaxies have shallower gradients than
unbarred galaxies, but also noticed that early-type (presum-
ably more massive) unbarred galaxies have shallow gradi-
ents, similar to those observed in strongly barred galaxies.
This was also observed by Martin & Roy (1992) in their anal-
ysis of the barred galaxy NGC 4303 from spectrophotometry
of 79 H ii regions. As the metallicity gradient obtained by
these authors is not flatter than that of other unbarred spi-
rals, the authors conclude that the presence of the bar does
not affect the relative distribution of elements in the disc of
NGC 4303. The authors explicitly compare NGC 4303 with
NGC 628, NGC 2997 and the Milky Way (the latter now
known to be barred). All these galaxies have MB < −19.8
and therefore belong to the brighter part of the luminos-
ity range. In this luminosity range we do not see differences
between barred and unbarred galaxies either. A novelty in
Martin & Roy (1994) and Dutil & Roy (1999) is that they
did not use the RC3 morphological classification of bars, but
rather specific measurements of the bar ellipticities.
After the 1990’s the topic of the bar effects on the
distribution of metals in spirals did not receive much at-
tention until the past decade, with the advent of the In-
tegral Field Spectroscopy (IFS) instruments. Their associ-
ated legacy surveys permitted to increase considerably the
galaxy samples sizes as well as the number of H ii regions
observed in a single galaxy. The CALIFA survey (Walcher
et al. 2014) has been especially prolific in this respect. The
first analysis of ionized gas metallicity gradients in spirals
that emerged from this project, published by Sa´nchez et al.
(2014), included 193 galaxies. These authors did not find
statistically significant differences in the slope of barred
and unbarred galaxies. The same conclusion was reached
by Sa´nchez-Menguiano et al. (2016), who measured oxy-
gen abundances in a sub-sample of 122 CALIFA face-on
galaxies. In this case the radial abundance profiles were ob-
tained on a spaxel-by-spaxel basis (rather than being based
on the analysis of discrete H ii regions or star-forming com-
plexes). Their fig. 1 shows that all galaxies in their sample
are brighter than MB ≈ −19. We have found differences be-
tween barred and unbarred systems only for lower luminosity
galaxies (MB & −19.5). The lack of low luminosity galaxies
in the CALIFA sample can be the reason why they find no
bar effect on the gradients. It is also worth mentioning that
both Sa´nchez et al. (2014) and Sa´nchez-Menguiano et al.
(2016)3 used the O3N2 parameter as calibrated by Pettini &
Pagel (2004) and Marino et al. (2013), respectively. We saw
in Fig. 4 that the differences between barred and unbarred
galaxies were less clear with these calibrations, presumably
due to the fact that the O3N2 diagnostic, when compared
to other diagnostics, yields shallower radial metallicity pro-
files for the galaxies with the steepest gradients (see Paper I
for a detailed analysis). Pe´rez-Montero et al. (2016) and
Zinchenko et al. (2019) also analysed ionized gas metallicity
gradients for different sub-samples of CALIFA galaxies, for
H ii regions and individual spaxels, respectively. Both studies
found no significant differences in the radial oxygen abun-
dance gradient between barred and unbarred galaxies. They
used strong-line methods other than O3N2 to derive their
3 Also Sa´nchez et al. (2012) in a previous work with ∼ 38 galaxies
from the PINGS survey.
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abundances (HCM and R calibration of Pilyugin & Grebel
2016). We therefore believe that, although the strong-line
method employed can affect the details, the luminosity dis-
tribution of the CALIFA galaxies might be the dominant
reason why these works did not detect differences in the
metallicity gradients of barred vs. unbarred galaxies. Our
results do agree with Zinchenko et al. (2019) in that high
mass (barred or unbarred) galaxies exhibit a rather flat oxy-
gen abundance gradient (in units of dex kpc−1).
Kaplan et al. (2016) also reached the conclusion that the
presence of bars does not affect galactic oxygen abundance
gradients. Their work is also based on IFS data, with im-
proved spatial resolution with respect to CALIFA (Sa´nchez
et al. 2014). Their spaxel-to-spaxel abundance estimates are
carefully done in order to exclude from their analysis regions
dominated by Seyfert, LINER or diffuse ionized gas emis-
sion, and use seven different strong-line oxygen abundance
indicators to obtain the metallicity gradients. They find that
‘isolated barred and unbarred spiral galaxies exhibit similarly
shallow 12 + log(O/H) profiles’. Using the N2O2 diagnostic
developed by Kewley & Dopita (2002) they obtain average
gradients of −0.44±0.13 and −0.33±0.01 dex r−125 , respectively,
for isolated unbarred and barred spirals, that agree within
errors. These conclusions are based on a small sample of just
eight galaxies, with the statistics above based on only four
unbarred galaxies (NGC 628, NGC 1068, NGC 3938 and
NGC 4254) and two isolated barred galaxies (NGC 2903,
NGC 5713). The stellar masses of these galaxies are all above
2 × 1010 M, and their absolute B-band magnitudes < −20.
In such a range of luminosities we do not see differences in
abundance gradients between barred and unbarred galaxies
either. In fact, at least four of the galaxies studied by Kaplan
et al. (2016) are included in our sample, and our determi-
nation of their log(O/H) radial gradients agrees rather well
with their work, in spite of our lower spatial coverage of the
discs. Our result is therefore not in contradiction with Ka-
plan et al. (2016), but rather in agreement for the specific
range of stellar mass (or total luminosity) of their sample
galaxies.
Comparative works on the log(N/O) abundances in
barred and unbarred galaxies are far more scarce. To our
knowledge, only Pe´rez-Montero et al. (2016) compared the
log(N/O) radial gradients in barred and unbarred galaxies
from the CALIFA survey, and as for the metallicity gra-
dients, they found no difference. These authors do find a
trend for barred galaxies to show larger central log(N/O),
but differences are within errors. A significant difference in
log(N/O) between barred and unbarred galaxies was instead
found by Florido et al. (2015). The ionized gas abundances
were derived in this case from SDSS spectroscopy of the in-
ner 3′′ of spirals (or inner 2-4 kpc, taking sample galaxy
distances into account). The log(N/O) was found to be en-
hanced in the centre of barred galaxies with respect to un-
barred ones, after removing AGNs. The observed differences
between barred and unbarred galaxies were larger in the less
massive galaxies (M? ≤ 1010.8 M). The y-intercepts of our
fits to the log(N/O) radial profiles show no significant dif-
ference (Fig. 1). However, in Fig. 5, if we ignore Magellanic-
type barred galaxies (marked with grey edge symbols and
showing the lowest log(N/O) values), there seems to be a
trend for lower luminosity barred galaxies to have larger cen-
tral log(N/O). In order to better compare our present results
Figure 10. Distribution of the average log(N/O) (left) and
12 + log(O/H) (right) within the inner region of the galaxies of
the sample. The average abundances have been obtained by cal-
culation of the mean abundances of the H ii regions with galacto-
centric radius < 2 kpc. Abundances here were obtained from the
HCM method.
with those in Florido et al. (2015), we have created Fig. 10. It
shows histograms of the central log(N/O) and 12+ log(O/H)
for the galaxies of the sample, derived from HCM as in
Florido et al. (2015). These central values were obtained
by averaging abundances of the H ii regions located in the
inner parts of the galaxies (galactocentric radius <2 kpc, to
emulate the SDSS results). Figure 10 shows no difference in
central 12 + log(O/H) between barred and unbarred galax-
ies (right), but barred galaxies have ∼ 0.2 dex larger central
log(N/O) compared to unbarred galaxies (left, with AD P-
value ∼0.7%). In spite of the lower number statistics here,
this is compatible with the result in Florido et al. (2015). The
reason why a larger central average log(N/O) is measured in
barred galaxies, that is not detected in 12+ log(O/H), might
be due to a combination of factors: the barred/unbarred dif-
ference in radial gradients is better seen in log(N/O) than in
12+ log(O/H), there is a subtle trend for a larger y-intercept
in the log(N/O) profiles of barred galaxies and log(N/O)
gradients are shallower in barred galaxies.
In summary, the fact that the O/H and N/O ratios dif-
ferences observed between barred and unbarred galaxies de-
pend on galaxy luminosity (or mass) can explain the contro-
versy characterizing previous studies. The comparison with
previous works shows that the range of galaxy luminosities
sampled by different investigators might be the key element
to explain the origin of the discrepant results, although we
can not discard contributions arising from the use of differ-
ent methodologies and/or abundance diagnostics.
6.2 Why is the bar expected to affect the
gradients?
The results obtained in this work show that barred galax-
ies have shallow radial log(O/H) and log(N/O) abundance
profiles at high luminosity and, although with lower num-
ber statistics, this trend seems to hold also in the lower
luminosity range. The average slope for log(O/H) in the
range covered by this galaxy sample (−22 < MB < −17),
is in the range [−0.022,−0.004] in dex kpc−1, with a typical
dispersion of ∼0.01 dex kpc−1, where the range covers the
values obtained with the different strong line methods. For
log(N/O), the average radial profile slope for barred galax-
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ies is also considerably shallow, with a median value in the
range [−0.04,−0.02] in dex kpc−1 depending on the method.
A shallow radial abundance profile in barred spirals is
expected, at least qualitatively, according to simulations,
due to the non-axisymmetric gravitational potential. The
bar induces an angular momentum redistribution of the gas
and stars in galactic discs (e.g. Sellwood & Wilkinson 1993;
Athanassoula 2003; Friedli & Benz 1993). The gas is dissi-
pative and the angular momentum loss induced by the bar
gives way to gas flows within the disc in different directions
depending on the location: gas located within the corota-
tion resonance radius (or approximately at the bar radius),
with lower metallicity than the inner galaxy is driven in-
wards, towards the galaxy centre, while gas located beyond
corotation is driven outwards, towards the outer part of the
galactic disc, where gas is expected to have the lowest metal-
licity (e.g. Simkin et al. 1980; Kormendy & Kennicutt 2004;
Sellwood & Wilkinson 1993; Friedli et al. 1994). Bar-induced
gas inflow rates are in the range ∼0.1-4 M yr−1 according
to observations (e.g. Regan et al. 1997; Sakamoto et al. 1999;
Quillen et al. 1995; Sormani & Barnes 2019) and simulations
(e.g. Regan & Teuben 2004; Maciejewski et al. 2002; Cole
et al. 2014), but gas flows seem to have a smaller impact
beyond the bar radius (Kubryk et al. 2013). Predicted gas
inflow rates are highly dependent on numerical simulation
schemes and parameters (e.g. Kim & Stone 2012); in partic-
ular, they are strongly dependent on the bar ellipticity (or
bar axis ratio). Regan & Teuben (2004) find very little net
gas inflow for bar axis ratios below 1.5 (or bar ellipticities
below ∼ 0.33).
The real scenario may be far more complex than
summarised here, as the bar strength changes with time
(Athanassoula et al. 2013; Cole et al. 2014). Strong gas in-
flows are expected soon after the bar forms, and will decrease
with time as the bar evolves, together with the induced star
formation along the bar and especially in the innermost re-
gion of the galaxy, in either a nuclear disc or ring or a cen-
tral starburst (e.g. Cole et al. 2014; Sanders & Tubbs 1980;
Kormendy & Kennicutt 2004). In the inner kiloparsec, the
enhanced star formation induced by the inflows would lead
to an enhanced production of metals and possibly also to
enriched gas outflows driven by starbursts (e.g. Krumholz
et al. 2017). The current radial distribution of metals will
then be the result of the cumulative effect of the (local) star
formation history and the gas inflows and outflows. These
will redistribute gas with a presumably initial radially de-
creasing metal abundance, and will therefore re-shape the
initial radial abundance profile. According to simulations,
the bar homogenises the gas very efficiently, in just a few
bar rotations, corresponding to time-scales on the order of
a few hundred Myr (e.g. Friedli & Benz 1995; Pe´rez & Free-
man 2006). The flattening of the abundance gradients in
barred galaxies is therefore at least qualitatively explained
by the mixing induced by the bars.
However, if the bar is the agent that flattens radial
abundance gradients, why do massive unbarred galaxies
show gradients as flat as those seen in strongly barred galax-
ies? What is the agent or process that flattens the profiles
for high-luminosity unbarred galaxies? Are there different
dominant flattening agents depending on the galaxy mass?
If there were no differences in the radial abundance gradient
between barred and unbarred galaxies at lower luminosity,
a tentative conclusion would had been that the present-day
stellar bars observed in spirals are not a dominant agent in
flattening their abundance gradients. However, if we look at
spirals in the lower mass/luminosity range we do see clear
differences in gradients between barred and unbarred galax-
ies. The dependence of the barred/unbarred gradient differ-
ence on the galaxy luminosity (or mass) opens interesting
questions and suggests two (extreme) basic scenarios or in-
terpretations:
(i) Strong bars flatten radial abundance profiles in spirals, no
matter what their mass is. In unbarred galaxies the abun-
dance gradient (in dex kpc−1) depends on the galaxy mass,
being as flat as in barred galaxies for the most massive spi-
rals. In this scenario, an evolutionary process or an agent(s)
different from a bar might be in action in massive unbarred
galaxies, so that it flattens their radial abundance profiles.
(ii) Galaxies, as a consequence of their evolution, show a radial
abundance profile that depends on their luminosity (mass),
being steeper for the less luminous galaxies (next section).
There is no need to invoke the flattening effect of bars in
massive barred galaxies, as unbarred massive galaxies show
the same flat gradient slopes. If any additional agent con-
tributes to the flattening in massive galaxies this might be
equally efficient whether galaxies have a bar or not. However,
strong bars in low-mass galaxies might be efficient at mixing
and redistributing metals, as unbarred spirals of the same
mass show considerably steeper radial abundance profiles.
In the next subsections we review the relation between
abundance gradient (in units of dex kpc−1) and galaxy lumi-
nosity in the context of chemical evolution models. We also
explore the effects of gas flows in altering abundance gradi-
ents according to models, and how radial gas flows induced
by bars or spiral patterns could work differently, depending
on galaxy mass/luminosity.
6.3 The abundance gradient - MB relation
Figs. 4 to 6 show that in unbarred galaxies both the
log(O/H) and the log(N/O) abundance gradients (in units
of dex kpc−1) steepen when decreasing galaxy luminosity
(Sect. 3.1.1). This result is compatible with a common abun-
dance gradient in dex r−1e for unbarred galaxies, given the
positive relation between galaxy luminosity and size (van
den Bergh 2008).
6.3.1 O/H abundance gradient
A relation between the oxygen abundance gradient and the
galaxy stellar mass or luminosity has been found by a num-
ber of authors (e.g. Vila-Costas & Edmunds 1992; Garnett
et al. 1997; Prantzos & Boissier 2000; Ho et al. 2015; Bresolin
2019) in local galaxies, with low-luminosity galaxies having
on average a steeper log(O/H) radial gradient in dex kpc−1.
Carton et al. (2018) also find a dependence with galaxy
size, in the form of a larger spread in observed metallicity
gradients for small galaxies at 0.08 < z < 0.84, while large
galaxies show less scatter. A larger scatter for lower values
of log r25 is also found by Pilyugin et al. (2014) for nearby
galaxies. The larger spread in gradients at low luminosity is
present at absolute magnitudes MB & −19 – see fig. 11 of
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Bresolin (2019) or fig. 12 in Ho et al. (2015) with a tendency
for steeper gradients for decreasing luminosity.
A steeper radial metallicity gradient in dex kpc−1 for
lower-luminosity (or lower-mass) galaxies is predicted by
analytical chemical evolution models (Prantzos & Boissier
2000; Molla´ & Dı´az 2005; Molla´ et al. 2019), where it ap-
pears as a consequence of assuming a star formation law
that depends on surface gas density (Schmidt law) that de-
creases with radius. This produces an inside-out growth of
the discs. In chemodynamical and cosmological simulations
the inside-out disc growth appears as a natural outcome re-
sulting in a steepening of the metallicity profiles for smaller
or less massive galaxies (Gibson et al. 2013; Pilkington et al.
2012; Tissera et al. 2016, 2019; Few et al. 2012). A conse-
quence of the inside-out star-forming scheme is a flattening
of the radial abundance profile with time: the profile is steep
early on when stars and metals are forming only in the inner
disc, and flattens as the star formation moves progressively
outwards (but see Chiappini et al. 2001). In addition, the
inside-out mechanism implies an evolution timescale depen-
dence with galaxy mass: massive galaxies form their stars
and evolve first, while low-mass galaxies evolve more slowly
and are therefore expected to show steeper present-day ra-
dial abundance profiles than massive galaxies.
6.3.2 N/O abundance gradient
Observational work on the log(N/O) radial gradient in
galaxies is far more scarce than for O/H. In particular, to
our knowledge, only Conside`re et al. (2000) previously in-
spected the log(N/O) radial gradient (in dex kpc−1) as a
function of luminosity for a sample of barred starbursts.
The evolution of log(N/O) has been studied observa-
tionally and theoretically for individual H ii regions and for
whole star-forming galaxies, mostly as an attempt to under-
stand the evolution in the log(N/O) - log(O/H) plane as a
function of stellar yields and star formation efficiency, among
others (e.g. Molla´ et al. 2006; Vincenzo et al. 2016; Pe´rez-
Montero & Contini 2009). However, observational work on
the dependence of radial gradients in log(N/O) with global
galaxy properties is more scarce (e.g. Pe´rez-Montero et al.
2016; Belfiore et al. 2017). Belfiore et al. (2017) used N2O2
to measure αN/O for 550 nearby galaxies from the SDSS IV
MaNGA survey and report a steepening of the profiles as a
function of galaxy mass, for slopes in dex re
−1. The steepen-
ing represents a rather small change, 0.02 dex re
−1, over the
whole mass range (from 109-1011M), being much smaller
than the average scatter of the slopes, of 0.09 dex re
−1. We
do not detect that steepening in mass. Our Fig. 5 (bottom-
right) shows a rather constant slope across the whole lu-
minosity range (that roughly corresponds to the range in
mass covered by Belfiore et al. (2017)). However, our me-
dian slope for the whole sample, −0.16 and −0.15 dex re−1
for HCM and the R method, respectively, is very close to
the value reported by Belfiore et al. (2017), in spite of the
fact that a different strong-line method is used. Our results
do agree also with Belfiore et al. (2017) in that the metal-
licity gradients are slightly shallower than the log(N/O) ra-
dial gradients. This can be seen in Fig. 11, which corre-
lates the O/H and the N/O gradient slopes measured in
our sample. The same plot shows also a tendency for un-
barred galaxies to have correlated metallicity and log(N/O)
Figure 11. Slope of the 12 + log(O/H) radial abundance pro-
file (from HCM) as a function of the slope of the log(N/O) ra-
dial profile for the galaxies of the sample. Circles, triangles and
squares represent strongly barred, weakly barred and unbarred
galaxies, respectively. Galaxies with low luminosity (MB > −20)
are marked with big symbols. The dotted-straight line is a linear
fit to the unbarred low-luminosity galaxies, and the continuous
grey line marks the 1:1 relation. Big empty symbols mark galax-
ies for which the slope is defined with only five to seven data
points, and are therefore less reliable.
gradients (ρ=0.68), that improves (ρ=0.82) when we only
consider low-luminosity galaxies (MB > −20). The linear fit
constrained to unbarred spirals with MB > −20 is shown
with a straight dotted blue line:
αO/H = (0.06 ± 0.05) + (1.7 ± 0.8) αN/O (2)
which has a correlation coefficient of 0.8.
The analysis of the evolution of αN/O in galaxies from
cosmological hydrodynamical simulations from Vincenzo &
Kobayashi (2018), predicts a flattening of the gradient (in
dex kpc−1) with time, that under the inside-out scenario
agrees with our results, as it implies a steeper profile (and
a slower evolution) for low-mass galaxies. To our knowledge
there are no further predictions from analytical or chemo-
dynamical evolution models on the relation between αN/O
and galaxy mass or luminosity.
6.4 Effect of radial flows on abundance profiles
The Boissier & Prantzos (1999) and Molla´ & Dı´az (2005)
chemical evolution models mentioned in Sect. 6.3.1 include
neither radial flows nor outflows. They were created to re-
produce Milky Way observables. The Boissier & Prantzos
(1999) model was afterwards extended to other discs by
adopting scaling relations from the framework of cold dark
matter semi-analytic models of galaxy formation (Mo et al.
1998). Their predictions were in good agreement with ob-
servational data (for unbarred galaxies) available by then.
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However, Bresolin (2019) recently compared their model pre-
dictions with a larger sample of galaxies and found that,
although observations and model qualitatively agree, the
model predicts radial metallicity profiles that are system-
atically steeper than observed, which makes the author con-
clude that it may be due to the absence of important pro-
cesses such as gas radial flows and outflows in this kind of
models. Kaplan et al. (2016) also found discrepancies, in the
same direction as Bresolin (2019), when comparing metal-
licity gradients on a smaller sample of 8 local galaxies and
two galaxies at redshifts 1.5 and 2, with the predictions of
Prantzos & Boissier (2000).
In fact, radial flows can be one of the most important
processes that shape the abundance gradient. These have
been included in analytical chemical evolution models of
the Galaxy (e.g. Scho¨nrich & Binney 2009; Spitoni & Mat-
teucci 2011; Grisoni et al. 2018) and naturally appear in
simulations including strong feedback (Gibson et al. 2013).
Although there is no need to include radial flows to repro-
duce the present-day Milky Way profile under the inside-out
scheme (a variable star formation efficiency and threshold in
gas density are enough), these are required to simultaneously
reproduce both the metallicity gradient and the radial gas
density profile in the inner disc (Portinari & Chiosi 1999).
6.4.1 Bar-induced flows
Bar-induced gas flows are more difficult to simulate.
Cavichia et al. (2014) modified the Molla´ & Dı´az (2005)
model to incorporate radial gas flows in order to mimic the
effect of the Galactic bar. The model predicts a flattening
of the metallicity profile, but the difference is very small
with respect to the model with no bar, in part due to the
rapid early evolution of the disc, that establishes a rather
flat profile early on, even before the bar formation (assumed
to occur 3 Gyr ago). However, the model with a bar better
reproduces the surface gas density and the star formation
rate profiles. A similar conclusion is drawn by Kubryk et al.
(2013) from N-body + smoothed particle hydrodynamics.
They investigate the effect of the bar-induced radial migra-
tion of gas and stars on the galaxy chemical evolution. De-
spite the important amount of radial migration occurring in
their model, its impact on the chemical properties is limited.
Their simulated Milky-Way mass disc suffers a flattening in
the oxygen abundance profile of only 0.01 dex kpc−1 (from
an initial −0.03 up to −0.02 dex kpc−1). However, the au-
thors identify a number of factors that control the impact
of bar-induced radial migration: (i) the strength of the bar
gravitational potential (a stronger bar favours larger effects),
(ii) the duration of the radial migration (the longer the bar
acts, the larger the effects), and (iii) the steepness of the ini-
tial abundance profile. With regards to the latter the authors
do the experiment of setting in an initial −0.08 dex kpc−1
oxygen gradient, and the mixing induced by the same sim-
ulated bar decreases the gradient down to −0.04 dex kpc−1,
i.e. it produces a much flatter gradient compared to the ini-
tial simulation. If we assume that the flattening observed in
barred galaxies is due to the bar-induced mixing, the above
results point to a larger effect on the less massive/luminous
galaxies, where the initial metallicity profile is expected to
be steeper (Figs. 4, 5 and 6). A larger effect of the bar in
low-mass barred galaxies with respect to high-mass galaxies
is found by Martel et al. (2013) and Martel et al. (2018) from
a smoothed particle hydrodynamics algorithm specially de-
signed to simulate galactic chemodynamical evolution. How-
ever, these authors do not analyse metallicity gradients but
just central metallicity values. To our knowledge there are
no further model predictions on the bar-induced metallic-
ity profile flattening in lower mass-galaxies. Galaxy numer-
ical simulations are also usually done to reproduce Milky
Way-mass galaxies, and the total mass is usually kept con-
stant. However, the bar-induced gas inflow rate has been
measured in simulations as a function of the bar strength
and quadrupole moment by Athanassoula (1992) and Re-
gan & Teuben (2004). For a fixed total galaxy mass and
a given bar ellipticity, the gas inflow rate towards the in-
ner kiloparsec increases for bars with a larger quadrupole
moment. In the mentioned conditions, a larger quadrupole
moment implies a larger mass for the bar relative to the
disc. In addition, a larger inflow rate in a lower mass galaxy
would dilute the metals more rapidly. A higher efficiency in
the bar-induced mixing in a low mass disc is, at least quali-
tatively, compatible with simulations.
6.4.2 Spiral pattern-induced mixing
Apart from galactic large-scale stellar bars, the spiral pat-
tern can also produce gas angular momentum transport
mainly via shocks, and therefore generate large-scale gas
flows within galactic discs (Lubow et al. 1986; Sellwood
& Binney 2002; Hopkins & Quataert 2011; Kim & Kim
2014). The gas would flow inwards or outwards, depend-
ing on the location. Outside the corotation radius reso-
nance, the shocks at the location of the spiral arm pro-
vide a positive torque and drive the gas towards larger radii,
whereas inside the corotation radius, the gas loses angular
momentum in the shocks and is driven inwards (Shu 1992).
Kim & Kim (2014) made hydrodynamical simulations to
investigate the gas response to a spiral potential in a disc
galaxy and, in particular, to quantify the mass inflow rate in-
duced by the spiral. They estimate inflow rates in the range
∼ 0.5 − 3 M yr−1, with the larger rates corresponding to
the slower and stronger spiral patterns. For a fixed ampli-
tude in the spiral gravitational potential, the spiral strength
is larger for spirals with a larger number of arms, but has
a stronger dependence with the arms pitch angle. Then, in
the absence of a bar, and for galaxies with identical num-
ber of arms and spiral gravitational potential, those with
lower pitch angles (or tighter arms) are expected to exert
a stronger force on the gas in the direction perpendicular
to the arms, compared to spiral galaxies presenting looser
arms. Late-type spirals tend to have larger pitch angles than
early-type galaxies (e.g. Kennicutt 1981; Treuthardt et al.
2012; Garcia Gomez & Athanassoula 1993; Dı´az-Garc´ıa et al.
2019). In addition, observations reveal a relation between the
number and class of spiral arms and their pitch angles, in the
sense that many-armed and flocculent spiral arms are looser
than two-armed grand design structures (Garcia Gomez &
Athanassoula 1993; Hart et al. 2017). Flocculent galaxies
are mostly late-type, low-luminosity systems (Elmegreen &
Elmegreen 1982; Ann & Lee 2013). The aforementioned re-
sults imply that in unbarred grand-design spirals, important
gas flows may be created, with inflow rates similar to those
produced by strong bars, while in later-type unbarred galax-
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ies, where multiple arms and flocculent spirals are more fre-
quent, the spiral pattern strength is lower, and the impact
of spiral-induced gas flows is expected to be considerably
smaller (Kim & Kim 2014).
Our results support this hypothesis as we show below.
The unbarred galaxies in our sample with MB & −19.5 are
NGC 300, NGC 1068, NGC 2403, NGC 2541, NGC 598 and
NGC 7793. According to the arm classification (hereinafter
AC) by Elmegreen & Elmegreen (1987), they have classes
in the range 1-5, and can be therefore referred to as floc-
culent (class 1-3) or multiple arm (classes 4-9) (Elmegreen
et al. 2011) systems. Fig. 12 shows the slope of the radial
log(N/O) and 12+ log(O/H) profiles (as derived from HCM)
as a function of the AC, in the left and right panels, re-
spectively. The plot shows a trend for galaxies with AC
above 6 to have rather shallow profiles, while the disper-
sion increases considerably for those with lower arm classes.
The latter galaxies cover the whole range of observed slopes.
In Fig. 13 the slopes are plotted as a function of MB and
we have indicated with big symbols of different colour the
galaxies with AC< 6. Galaxies with classes in the range 6-
12 are all concentrated in the high luminosity range. These
plots indicate that (a) grand-design spirals tend to have shal-
low radial abundance gradients (whether they have a bar or
not), (b) low-luminosity unbarred galaxies are all flocculent
or multi-arm (AC< 6), and show a tendency to have steep
slopes, especially for the N/O radial profile. Further data in
the low-luminosity range would be desirable to draw further
conclusions.
Our results then support the hypothesis that gas flows
induced by grand-design spirals can also contribute to flatten
radial abundance profiles. However, the fact that in the high
luminosity range barred and unbarred galaxies with a variety
of arm classes coexist (AC 6 up to 12), and all have shallow
radial abundance profiles, points to the need for additional
flattening agents (e.g. interactions Rupke et al. 2010). These,
together with evolutionary effects (Sect. 6.3.1) and contribu-
tions from bar- and/or spiral-induced gas flows could help
explaining the observed shallow profiles of the high mass
range, and solve the discrepancy between predicted and ob-
served slopes in unbarred galaxies (e.g. Bresolin 2019; Ka-
plan et al. 2016; Pilkington et al. 2012). Additional theo-
retical and observational work is needed to derive further
conclusions.
7 SUMMARY AND CONCLUSIONS
This paper is the second one, of a series of two, devoted to
revisit the issue of whether galactic bars affect the radial dis-
tribution of metals in the gas-phase of spirals. The project is
aimed at solving the existing discrepancies between papers
published in the 1990s (with resolved spectroscopy but re-
duced galaxy samples) and more recent, mostly IFU-based,
work (with lower spatial resolution but larger data samples).
In Paper I we presented our compiled sample of H ii re-
gions that belong to a sample of 51 nearby spiral galaxies.
The sample contains 2831 emission-line fluxes. The chemical
abundance ratios of O/H and N/O were derived for all H ii
regions with a homogeneous methodology that used a va-
riety of strong-line methods (based on R23, N2O2, O3N2,
N2, HCM, and the R calibration for 12 + log(O/H), and
for log(N/O) on N2O2, N2S2, the R calibration and HCM).
The structural parameters of bars and discs and the radial
abundance profiles were also derived with the same method-
ology for all galaxies. In this paper we analyse the radial
12 + log(O/H) and log(N/O) abundance profiles of barred
and unbarred galaxies separately. Our main results and con-
clusions are summarised below:
• We find no significant difference in central 12 + log(O/H)
and log(N/O) abundances (as derived from the y-intercepts
of the radial profile linear fitting) for strongly barred and
unbarred galaxies. However, the averaged log(N/O) abun-
dance of the inner region (r.2 kpc) is larger in barred than
in unbarred galaxies, in agreement with Florido et al. (2015).
• The distributions of radial abundance slopes are statisti-
cally different for barred and unbarred galaxies for both
12+ log(O/H) and log(N/O). Barred galaxies have shallower
gradients than unbarred galaxies, with the differences being
more evident when slopes are expressed in dex kpc−1 and
dex re−1. A deeper look at the data shows that the second
parameter is luminosity:
– High luminosity strongly barred galaxies show rather
shallow 12 + log(O/H) and log(N/O) radial abundance
gradients (in dex kpc−1) with any diagnostic. Although
with low number statistics, a shallow radial gradient is
also measured for lower luminosity strongly barred galax-
ies. Therefore, our results suggest that strongly barred
galaxies of any luminosity (−17 &MB & −22) have shallow
12 + log(O/H) and log(N/O) radial abundance gradients
(in dex kpc−1).
– Unbarred galaxies are indistinguishable in terms of abun-
dance slope from strongly barred galaxies, if we re-
strict the sample to the brightest (more massive) galax-
ies (MB . −19.5). In less luminous (less massive) un-
barred spirals the radial abundance profiles in log(N/O)
and 12 + log(O/H) become steeper with decreasing lumi-
nosity (or mass).
• The results listed above do not depend either on the pres-
ence of breaks in the radial abundance profiles of the galaxies,
or on the exclusion of the H ii regions located within stel-
lar bars of the barred galaxies from the radial profile fits.
The fact that the inclusion/exclusion of H ii regions located
within bars does not affect the results implies that if the ob-
served flattening is produced by the bar, its effect might be
a large scale phenomenon that homogenises the gas chemical
composition in the whole galactic disc, and is not limited to
the bar area.
• No correlation is found between radial abundance gradients
and current bar properties (length or ellipticity). Therefore,
if the radial abundance profile flattening observed in barred
galaxies is due to the mixing produced by the bars, it seems
that any bar, provided that it has considerable ellipticity
(ebar,d & 0.5) or length (rbar,d/re & 0.6), is able to flatten
the abundance profile, with no dependence of the observed
gradient on the current bar properties.
• From the comparison with chemical evolution models and
simulations, and with observational work from different au-
thors we conclude:
– The galaxy luminosity range sampled by different in-
vestigations might be the key element for understanding
discrepancies in the results, but we can not discard con-
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Figure 12. Left: Slope of the log(N/O) radial abundance profile (from HCM) as a function of the arm class according to Elmegreen &
Elmegreen (1987). Right: Same but for the slope of the 12 + log(O/H) radial abundance profile.
Figure 13. Left: Slope of the log(N/O) radial abundance profile (from HCM) as a function of the B-band absolute magnitude (MB).
Right: Same but for the slope of the 12 + log(O/H) radial abundance profile. Small and big symbols show galaxies with arm class larger
or smaller than 6, respectively.
tributions to this discrepancy due to the use of different
methodologies for bar classification and/or abundance di-
agnostics.
– Our measured 12+ log(O/H) and log(N/O) radial gradi-
ents are in agreement with the findings from previous au-
thors and from the predictions of models for a dependence
of the gradient (in units of dex kpc−1) on the galaxy lu-
minosity. In view of our results it is tempting to go a step
forward, as it seems that this dependence is dominated by
unbarred galaxies.
– Our results are also in agreement with simulations of
Milky Way-mass barred galaxies, that predict a little ef-
fect of the bar on the metallicity profile, as no difference
in radial abundance gradient is seen among barred and
unbarred galaxies in massive/luminous galaxies (M∗ &
1010.4 M or MB . −19.5). However, a stronger flattening
is predicted when a strong bar forms in a galaxy with a
steeper initial abundance gradient (Kubryk et al. 2013), as
is the case for the lower-mass/luminosity unbarred spirals.
– The fact that strongly barred galaxies, for which gas
flows are known to be relevant, show a shallow present-
day radial abundance in the whole luminosity/mass range,
makes us agree with other authors (e.g. Bresolin 2019;
Portinari & Chiosi 1999) in that radial gas flows might
be a relevant ingredient in chemical evolution models, es-
pecially for lower-mass (those with a steeper abundance
profile) galaxies.
Taken all together, our results point to a more efficient
flattening effect of strong bars in lower mass/luminosity
galaxies with respect to high mass galaxies. Given the obser-
vational result that high luminosity galaxies have the same
(shallow) slopes, it is possible that evolutionary processes
alone, but that include mixing (e.g. by the grand design spi-
ral arms) can explain the flattening at the high mass end.
The bar effect in high mass galaxies may be not noticeable
due to the presence of an already flat radial initial abun-
dance profile due to the mentioned evolutionary process, as
in the high-mass unbarred spirals. Further observational and
theoretical work is necessary to make further progress.
This paper re-opens, from an observational point of
view, the issue of the potential effects of stellar bars on the
gas-phase of spirals, that recent work based on IFS-data and
large data samples suggested was closed.
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